Among the yeastlike fungi of the genus Candida, C. albicans is of foremost medical importance as an opportunistic organism, followed by C. tropicalis and possibly C. parapsilosis (1, 3) . These three species are distinguished by the secretion of acid proteinase in vitro. Candida proteinases were first discovered in C. albicans by Staib (37) . Subsequently, extracellular proteolytic activity was also detected among the majority of isolates of C. tropicalis and C. parapsilosis (17, 36) .
Considerable evidence subsequently accrued indicating that secretory proteinases are factors in the virulence of C. albicans (15, 17, 19, 20a, 32, 38) . Such correlation may also exist among isolates of C. tropicalis (4), but it is missing in C. parapsilosis. Isolates of this species are mostly proteolytic in vitro (17, 36, 39) , but they possess only low virulence in vitro (4) and in mice (2). In humans, deep mycoses due to C. parapsilosis had a better prognosis than those that were caused by other Candida species (6) .
To elucidate the discrepancy between the high proteolytic activity in vitro and the low virulence of C. parapsilosis, we purified and characterized a secretory proteinase of this species, thus allowing comparison with enzymes of the more virulent species and also permitting the production of specific antibodies, which were used to trace the enzyme under conditions of infection.
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phenanthroline, alcian blue, basic fuchsin, and fast green FCF were from Serva, Heidelberg, Federal Republic of Germany.
Crude bovine hemoglobin, concanavalin A (ConA), ConA agarose, diazoacetylnorleucine methyl ester (DAN), hemin, iodoacetamide, methyl green, p-phenylenediamine, secretory immunoglobulin A (sIgA) from human colostrum, wheat germ agglutinin (WGA), and antisera against ConA and WGA were from Sigma Chemical Co., St. Louis, Mo.
Human myeloma proteins of the IgAl and A2 isotypes were kindly provided by H. Kratzin (Gottingen, Federal Republic of Germany) and F. Skvaril (Berne, Switzerland).
Cultivation. C. parapsilosis 265/80 was grown at 30°C in a 9-liter fermentor at 200 rpm and with 5 liters of air per min. The growth medium contained 1% bovine hemoglobin, 1.2% yeast carbon base, and 1% glucose (pH 6.2). The medium was sterilized by filtration and inoculated with 50 ml of an overnight culture of the yeast in glucose-peptone broth. After 2 days, the pH had dropped below 5 and the acid proteolytic activity had reached a plateau at approximately 22 U/ml. The content of the fermentor was adjusted to pH 6.5, and the cells were removed by centrifugation (4,000 x g, 60 min).
Purification of acid proteinase. The culture supernatant was concentrated by polyethylene glycol dialysis and chromatographed on DEAE-cellulose as described previously (29) . Addition of 0.05% nonionic detergent (Emulphogene BC-720) to all buffers of the chromatographic system was necessary to avoid nonspecific adsorption of the enzyme. Fractions with enzymic activity were located by hemoglobin assay (see below); they were pooled and stored at -180C.
The crude enzyme was purified further by (i) gel filtration through Sephacryl S-200 at pH 6.2 in 0.2 M citrate buffer, (ii) preparative isoelectric focusing in granulated gel in the presence of nonionic detergent, and (iii) affinity chromatography on pepstatin linked to aminohexyl Sepharose-4B (29) .
Enzyme characterization. Acid proteolytic activity was quantitated by the Anson test (16) with 1% hemoglobin as a substrate at pH 3. One unit of enzymic activity was defined arbitrarily as the amount of enzyme that released trichloroacetic acid-soluble fragments of 0.1 absorption units (280 nm) from hemoglobin in 1 h at 37°C.
The pH-dependent activity profile of proteinase 265 was determined in 0.1 M sodium citrate buffers of pH 2 to 6 with hemoglobin as the substrate. Separate blanks were run for each pH step.
The stability of proteinase 265 under alkaline conditions was tested by exposure of the enzyme to 0.2 M phosphate buffer (pH 6 to 8) for 30 min at 220C. Residual enzymic activity was determined at pH 3.5 by hemoglobin assay.
Inhibition of enzyme activity. EGTA and o-phenanthroline were used at a final concentration of 1 mM. Pepstatin A was kept as a stock solution of 1 mM in methanol at -18°C; it was applied at a final concentration of 10-5 M. Dithiothreitol and iodoacetamide were used at 20 mM. DAN was used at a final concentration of 1 mM in the presence of copper ions (14) , and butanedione was used as described by Gripon and Hofmann (10) . Hemin was used from a freshly prepared stock solution (12 mM) in 1% aqueous ammonium hydroxide. The final concentration of hemin was 1.8 mM versus 10-7 M proteinase. The pH was adjusted by addition of 0.1 M citrate buffer (pHs 2.8 to 6.5). The pH was controlled with a microprobe as described above. Endoglycosidase F was applied to Candida proteinase as described by Elder and Alexander (7); the effect of the treatment was monitored by comparative SDS-PAGE.
Electrophoresis. PAGE was performed essentially as previously described (35) . The gels were cast in batches of 10 using equipment from Hoefer, San Francisco, Calif. Gels were either stained with Coomassie blue R or processed further for immunoblotting. Electrophoretically separated Candida proteinases were stained for bound phosphate by the methyl green method (5).
Isoelectric focusing. Preparative electrofocusing in IEF Sephadex was performed essentially as described by Radola (26) with 1.6% carrier ampholytes of the pH 2 to 11 range. Emulphogene BC-720 (0.05%) was added to the gel slurry; a 10-cm-long gel bed was used for preparative purposes, while a 24-cm bed length was used for analytical runs. Methyl green and fast green FCF were used as cationic and anionic markers, respectively. The runs were performed at constant power and cooling to approximately 12°C. After termination of the run, the pHs of the gel fractions were determined with a microelectrode (type MI-410; Microelectrodes Inc., Londonderry, N.H.). The liquid in the gel fractions was recovered by brief centrifugation at 800 x g of the gel slurry through cheesecloth (10-,um mesh). After titration to pH 6.2, fractions were dialyzed and concentrated by nitrogen pressure dialysis if necessary.
Western blotting and lectin assays. Electrophoretic transfer of proteinase from polyacrylamide gel slabs to nitrocellulose membranes was performed in 10 mM sodium tetraborate, pH 9.2, as described by Renart and Sandoval (27) . After the transfer, the membrane was saturated with 2% BSA in phosphate-buffered saline (PBS) for 2 h under gentle agitation. Proteinase fractions that had been transferred onto nitrocellulose membrane were reacted with the lectins ConA and WGA essentially as described previously (9) . The blot membrane was exposed to the lectins (5 ,ug/ml) for 2 h in the presence of 2% BSA in PBS-1 mM MgCl2. Next, the membrane was rinsed five times for 5 min each in PBS-0.05% Tween 20; subsequently it was exposed to lectin-specific antibodies (approximately S ,ug/ml in PBS-2% BSA). After another 2 h, the membrane was rinsed as described above and exposed for 2 h to the second-antibody peroxidase conjugate (diluted 2,000-fold in PBS-2% BSA-0.05% Tween 20) . After final rinsing as described above, the membrane was exposed to the chromogenic diaminobenzidine-H202 substrate (12) .
Controls of the specificity of the lectin reactions were performed in parallel. Droplets of ovalbumin and BSA solutions (1 mg/ml in PBS) were placed on small chips of nitrocellulose membrane. After 15 min in a moist chamber, the chips were rinsed five times in PBS prior to immersion in PBS-2% BSA for 2 h. The subsequent steps of the reaction were identical with those described above. In the course of the lectin reaction, only BSA treated with periodate and glycerol was used to inactivate carbohydrate contaminants (9) .
Following the lectin peroxidase reaction, the blot membrane was once more rinsed in PBS. The membrane was then exposed for 2 h to antibodies against secretory Candida proteinases (approximately S jg/ml) in PBS-2% BSA. After another rinsing in PBS, the membrane was immersed in a solution of the suitable second-antibody peroxidase conjugate (in PBS-2% BSA). Finally, the membrane was rinsed as usual and exposed again to the chromogenic peroxidase substrate. For the sake of immunological compatibility, the sequentially used antibodies were from the following species: anti-ConA and anti-WGA from rabbit, anti-rabbit per-SECRETORY PROTEINASE OF C. PARAPSILOSIS 413 oxidase from hog, anti-secretory Candida proteinase from guinea pig, and anti-guinea pig peroxidase from rabbit. All incubation steps were performed at room temperature and under constant, gentle agitation.
Immunologic methods. Antisera against proteinase 265, the proteinase having been purified by ion-exchange chromatography and gel filtration, were raised in guinea pigs by repeated intramuscular injections of active enzyme in Freund adjuvant at pH 6.5 6 and 2 weeks prior to bleeding. Enzyme-linked immunosorbent assays for the detection of Candida proteinase or specific antibodies were performed as previously described (33) .
For immunofluorescence, fixed cell cultures were submitted to absolute methanol (15 min, -22°C), which renders the plasma membrane penetrable for immunoglobulins (21) . Prior to reaction with the first antibody, the sample was exposed to BSA (1% [wt/vol] in PBS, 30 min, 22°C). Subsequently, the. cells were reacted with antiserum against Candida proteinase (diluted 100-fold in PBS-1% BSA, 12 h, 8°C). This serum had been elicited in guinea pig against the secretory proteinase of C. parapsilosis 265; it showed strong cross-reactions in enzyme-linked immunosorbent assays against the related proteinases of C. albicans CBS 2730 and C. tropicalis 293. The controls were treated with normal guinea pig serum under identical conditions. Afterwards, the cells were rinsed carefully with PBS (four times for 5 min each). Prior to the second antibody, the cells were exposed to normal rabbit serum (diluted 30-fold in PBS, 30 min, 22°C). The second antibody was a fluorescein-conjugated anti-guinea pig immunoglobulin from rabbit (DAKO; diluted 30-fold in PBS-1% BSA). After 90 min at 37°C, the cells were rinsed again in PBS. For examination by fluorescence microscopy the preparations were mounted in PBS-glycerol (1:9) containing 0.1% (wt/vol) p-phenylenediamine; the latter was added to reduce fluorescence fading (13) .
Immunoglobulins as substrates. Purified human myeloma proteins of the IgAl, IgA2, and IgGl (heavy chain) types (2 mg/ml) were exposed to proteinase (5 pug/ml) in 0.1 M citrate buffer, pH 3.5, at 37°C for up to 12 h. Samples of the digests were taken at intervals, and pepstatin was added to a final concentration of 10-6 M. The samples were dialyzed against 20 mM citrate buffer, pH 6.5, prior to analytic PAGE.
For subsequent degradation of secretory IgA, C. parapsilosis 265 was grown in yeast carbon base-hemoglobin medium until the pH had dropped below 4. At this stage the supernatant was clear and did not contain recognizable amounts of high-molecular-weight polypeptides. Two milliliters of the supernatant, containing highly proteolytic yeast cells, was transferred into a 10-ml Erlenmeyer flask and supplemented with 0.1 ml of 10% glucose in yeast carbon base solution. Secretory IgA was added to a final concentration of 1 mg/ml. The flask was placed on a rocker platform and kept at 37°C. Samples (0.1 ml) were removed every other day. The volume was replenished by glucose-yeast carbon base solution as described above. In the test interval of 10 days, the pH stayed below 4. The controls were kept at pH 3.7 under comparable conditions. Samples that had been taken were treated with pepstatin as described above and dialyzed prior to PAGE.
Infection of phagocytes in vitro. Peritoneal macrophages were collected from male NWNI mice (approximately 35 g) 3 days after stimulation with 3 ml of thioglycolate broth. For adherence, the cells were incubated for 24 h (37°C, 5% C02). The adherent macrophages were infected with 106
Candida blastospores from an overnight culture in glucose broth. The yeast cells had been pretreated with normal mouse serum (10% in cell culture medium as described above; 30 min, 37°C) to facilitate phagocytosis, and they were suspended in 1 ml of regular culture medium prior to infection. After infection, the tissue culture plates were centrifuged (200 x g, 2 min) to enhance contact between macrophages and yeasts. Subsequently the plates were incubated for 20 h as described above. Finally the cultures were rinsed with PBS and fixed with freshly prepared paraformaldehyde (1% [wt/vol]) in PBS (1 h, 22°C). The cover slips with fixed cells were directly subjected to immunohistochemical analysis.
RESULTS
Purification of proteinase 265. After 48 h of growth in proteinaceous medium, culture supernatants typically contained 22 U of enzymic activity per ml. Subsequent DEAE chromatography of the supernatant at pH 6.5 to 6.2, which had been applied successfully to related proteinases of C. albicans and C. tropicalis (36) , caused 90% loss of enzymic activity. Since the pH-dependent activity profile of alkaline denaturation did not reveal a particular instability of the enzyme (see below), attention was focused on hydrophobic interactions.
Proteinase 265 that had been adsorbed to the column in the absence of detergent could not be mobilized again even by addition of 1% (vollvol) nonionic detergent (Emulphogene BC-720). However, when DEAE chromatography was performed in the presence of 0.05% Emulphogene, more than 70% of the enzyme was recovered. Partially purified enzyme fractions were also obtained from the culture supernatants of two additional strains of C. parapsilosis, 21/78 and 78K.
PAGE of partially purified proteinase 265 revealed the persistence of contaminating protein species. By gel filtration through Sephacryl S200, relative separation of the proteinase from the contaminants was accomplished (Fig. 1) . The pooled proteolytic fractions derived from gel filtration were used for further experimentation unless stated otherwise. Whereas ion-exchange chromatography raised the specific activity approximately 100-fold, gel filtration raised the specific activity another 5-fold. Yield in this purification step was 80%. Owing to incomplete separation of contami- nants, however, only half of the enzyme was available in the pure state shown in Fig. 1 . Preparative isoelectric focusing. Partially purified proteinase after DEAE chromatography was electrofocused in Sephadex gel with carrier ampholytes of the pH 2 to 11 range. Focusing was performed at constant power and stopped after 3 h, when the voltage had barely reached its plateau (50 V/cm).
At this stage, the enzymic activity in the gel was focused in a symmetric peak (approximately pH 5.2), which corresponded to a single protein of high purity as shown by SDS-PAGE (Fig. 2) . When electrofocusing was continued for another hour, a gradual shift of the enzyme back to neutrality was observed (Fig. 2b) . This shift was accompanied by loss of enzymic activity. Both the active enzyme and inactive protein (Fig. 2b, fractions 8 and 9 ) were reactive upon immunoblotting with antibodies against proteinase 265 (data not shown).
No difference in mobility between the active enzyme and the inactive variant was observed in SDS-PAGE (Fig. 2c) . Thus, inactivation of proteinase 265 in the course of electrofocusing is not due to proteolytic autolysis but appears to involve a more subtle structural conversion, the mechanism of which has not yet been elucidated. The low yield of active enzyme prohibited the further use of preparative electrofocusing.
Estimation of molecular mass. Proteinase 265 was submitted to gel filtration through Sephacryl S200 in the presence of 0.05% Emulphogene. Its position relative to different standard proteins indicated a molecular mass of approximately 33,000 daltons. This estimate was confirmed by SDS-PAGE (Fig. 3) . SDS-PAGE in the presence or absence of reducing agent yielded a single peak in a virtually identical position; proteinase 265 thus appears to be a single-stranded polypeptide without intramolecular disulfide bonds.
Isoelectric point. For estimation of the isoelectric point of proteinase 265, isoelectric focusing in granulated gel was performed as described above. The use of a long gel bed (24 cm) enhanced resolution. Soon after the voltage plateau at 50 V/cm had been reached, enzyme was recovered from the gel fractions. The profile of proteolytic activity revealed a well-defined peak at pH 5.3, which was accompanied by a secondary peak at pH 6.5 (Fig. 4) . When the application site The proteinase (0) was detected by hemoglobin assay (gel filtration) or Coomassie blue staining (PAGE).
of the sample was shifted from a position corresponding to a final pH of 7 into the position corresponding to a final pH of 5, essentially the same pattern of activity was obtained. With prolonged focusing time, the enzymic activity shifted to the position at pH 6.5. The shift was accompanied by the gross loss of activity that had been observed previously on preparative electrofocusing (see above). The results suggest an isoelectric point of active proteinase 265 at approximately pH 5.3.
Carbohydrate moiety. Some secretory acid Candida proteinases are manno proteins (18) . However, staining of various Candida proteinases in polyacrylamide gel by us 265 by electrofocusing in a bed of granulated gel with carrier ampholytes of pHs 2 to 11 and a nonionic detergent (Emulphogene BC-720, 0.05%). After termination of the run, pH (@) was determined in each fraction (Fr) of the gel. Subsequently, proteolytic activity at pH 3.5 (x) was determined by hemoglobin assay (A280). The sample was applied in the position of fraction 22; the position of maximum activity corresponds to pH 5.3. with periodic Schiff reagent or alcian blue resulted in inconsistent data (unpublished data). Thus, we performed immunoblots with anti-mannan antibody that had been elicited in rabbits against mannan of C. albicans CBS 2730 (prepared as described in reference 22). Such antibodies in enzymelinked immunosorbent assays cross-reacted strongly with mannans of C. tropicalis and C. parapsilosis. The immunoblot revealed that only the proteinase of C. tropicalis 293 was a manno protein ( Fig. 5a and b) ; the weak reactions of the enzymes from C. albicans and C. parapsilosis were considered nonspecific.
All three enzymes were tested for terminal glucose or mannose by reaction with ConA. The reaction was performed on nitrocellulose blots after SDS-PAGE. BSA samples that had been treated with periodate (9) or ovalbumin were used as negative and positive controls, respectively. There were no reactions of the three proteinases with ConA, but certain glycosylated contaminants of the preparations reacted (Fig. 5c) comparable conditions. This lectin reacts with N-acetylglucosamine, which is the constituent of chitin (23) . No reaction of WGA with the three proteinase preparations was observed (data not shown).
In a subsequent immunoreaction the same blots were exposed to antibodies against Candida proteinase. These antibodies had been elicited in guinea pigs against the proteinase of C. parapsilosis; they cross-reacted strongly with corresponding enzymes of the other two proteolytic Candida species. The spots of the three proteinases became apparent on the blot (Fig. Sd) only after application of the anti-proteinase antibody, indicating that the three enzymes have no terminal glucose or mannose (ConA) nor Nacetylglucosamine (WGA).
Further characterization of proteinase 265. When tested with hemoglobin as a substrate, proteinase 265 had a primary proteolytic activity maximum at pH 4.3 and a secondary maximum at pH 3. However, the profile covered a broad range of pHs, since 25% of activity was detected at pHs 2.2 and 5.8, respectively (data not shown).
The resistance of proteinase 265 to weakly alkaline conditions was tested at room temperature by exposure for 30 min to phosphate buffer at pHs 6 to 8. An assay of residual acid proteolytic activity revealed gradual denaturation of the enzyme above pH 7 (Fig. 6) . The denaturation profile resembled profiles that had been obtained from various labile proteinases of C. albicans and C. tropicalis. More stable enzymes have only been detected among isolates of C. albicans (29, 31) .
Proteinase 265 was fully inhibited by pepstatin, allowing for its classification as an acid proteinase (EC 3.4.23) . No inhibition was observed with DAN at pH 5.
Butanedione caused 25% inhibition at pH 6. Under identical conditions porcine pepsin was fully inhibited by butanedione, whereas DAN caused 55% inhibition. The pattern of inhibition of proteinase 265 is in agreement with the pattern obtained with various corresponding proteinases of C. albicans and C. tropicalis (34, 36) .
Purified proteinase 265 lost one-third of its activity after incubation (22°C, 15 min) with hemin at pH 6.5; at pH 3.5 approximately 60% of the activity was lost. Inhibition by (Fig. 7e to h) , provided that the cultures were agitated eins of subtypes A2 (lanes: a, control; b, digest) and Al (lanes:
constantly and supplemented repeatedly with glucose. ontrol; d, digest). Panels e to h show the hydrolysis of human Immunological aspects. Antibodies that were elicited *etory IgA when used as the sole nitrogen source in a culture of against purified proteinase 265 in guinea pigs cross-reacted parapsilosis (lanes: e, 2-day control incubation without C.
with partially purified secretory proteinases of two unrelated ipsilosis; f, 2-day culture with the fungus; g and h, correspond ilte of C. parloisecretor an as demonrated :ontrol and culture after 4 days of incubation. H, heavy chain; L, isolates of C parapsilosis (21/78 and 78K), as demonstrated tchain. The arrow indicates migration of proteins toward the by enzyme-linked immunosorbent assay. However, crossde.
reactivity of the antibodies was not confined to proteinases from isolates of the same species, in that antibodies against nin depends on hydrophobic interactions, since the presproteinase 265 reacted with secretory proteinase of C. albie of 0.05% nonionic detergent (Emulphogene) prevented cans and C. tropicalis (Fig. 5) . On the other hand, antibodies effect. Sensitivity to hemin is a specific feature of that discriminated between proteinases of C. albicans and C. teinase 265; it was not found with the corresponding tropicalis (36) reacted weakly with proteinase of C. parapsi-;ymes of C. albicans HP and CBS 2730 or that of C.
losis. (Fig. 8 ).
fold excess of Emulphogene followed by prolonged dialHowever, Candida proteinase was detectable only on cells i against 10 mM citrate buffer (pH 6.2) and 0.05% of C. albicans (Fig. 8c) . Samples with C. parapsilosis ulphogene did not restore the activity of proteinase resembled the controls (Fig. 8b) tract infection; it was strongly proteolytic on serum albumin agar (36) . However, the proteolytic activity of strain 265 was more dependent on the supply of glucose (.1%) than was the proteolytic reference strain, C. albicans CBS 2730 (unpublished data). In liquid medium with 1% glucose and hemoglobin as the sole nitrogen source, C. parapsilosis 265 secreted acid proteolytic activity up to an apparent concentration of 5 Fg/ml, which is comparable to that released by C. albicans CBS 2730 (29) . The enzyme of C. parapsilosis 265, proteinase 265, was classified as an aspartic proteinase (EC 3.4.23). Purification of the enzyme was attempted along lines that had proved useful with proteinases of C. albicans and C. tropicalis (29, 36) . A particular problem was the almost total loss of enzyme in the DEAE column. Hydrophobic forces were responsible for the loss, since a nonionic detergent was able to prevent it. Emulphogene BC-720 was chosen, since it lacks the phenolic ring of the related detergents Triton X-100 and Nonidet P-40; thus, it does not interfere with the monitoring of proteins at 280 nm (8, 11) . The particular hydrophobicity of proteinase 265 was also revealed by its sensitivity to hemin inhibition. Such inhibition had been observed previously with a membrane proteinase of erythrocytes (25) . Proteinase 265 underwent alkaline denaturation at pH 7 and room temperature. More stable enzymes were found only with C. albicans (31) . The profile of alkaline denaturation may govern the pathogenic potential of Candida proteinases and thus influence the virulence of the fungus.
Alkaline denaturation certainly was the reason for the loss of enzymic activity on pepstatin affinity chromatography (unpublished data), which had been applied successfully to the stable enzyme of C. albicans CBS 2730 (29) . Instead, the purification of proteinase 265 had to be continued by ordinary gel filtration, which yielded a virtually clean enzyme at an acceptable loss. A high degree of purification was achieved as well by preparative electrofocusing. However, the yield was very low. Inactivation of the proteinase on electrofocusing was accompanied by a shift in apparent pI. Inactivation was not due to autolysis; it may involve interaction with carrier ampholytes. The estimation of the molecular weight yielded values around 33,000. Thus, proteinase 265 is considerably smaller than the secretory proteinases of C. albicans and C. tropicalis, which are in the range of 45,000 (32) .
Proteinase 265 and the related enzymes of C. albicans CBS 2730 and C. tropicalis 293 did not react with the lectins ConA and WGA. This indicates that the enzymes lack terminal mannose, glucose, and N-acetylglucosamine residues (23) . Lack of reaction with ConA should exclude the presence of mannan (23) . Consequently, proteinase 265 could not be purified on ConA-Sepharose, and it did not react with antibodies against mannan. However, the proteinase of C. tropicalis 293 clearly reacted with anti-mannan antibody. Thus, certain Candida proteinases may indeed be manno proteins as has been suggested previously (18) . The proteinase of C. albicans CBS 2730 may not be glycosylated at all, since it resisted degradation by endoglycosidase F. Proteinase 265 and the related enzymes of C. albicans CBS 2730 and C. tropicalis 293 also failed to stain for bound phosphate (unpublished data).
Proteinase 265 is a potent antigen in guinea pigs. The antibodies against proteinase 265 cross-reacted strongly with proteinases of two unrelated isolates of the same species. A species-specific relationship of Candida proteinases had already been found among enzymes of C. albicans and C. tropicalis (36) . Such discriminating antibodies did not crossreact with proteinases of C. parapsilosis or unrelated acid proteinases, including porcine pepsin (31) and human renin (a gift from B. Leckie, Glasgow, Scotland). On the contrary, antibodies against proteinase 265 cross-reacted with proteinases from other Candida species and porcine pepsin. These antibodies may be directed against sites that are common to aspartic proteinases, whereas the discriminating antibodies recognize species-specific sites.
Proteinase 265 cleaved a number of immunoglobulins, including secretory IgA and both isotypes IgAl and A2. The latter is resistant to the IgA proteinases of various pathogenic bacteria (24) . Cleavage of immunoglobulins in vitro is a feature of all of the Candida proteinases investigated so far, and there are indications that such cleavage takes place in the course of infection by C. albicans (32) . Living cells of C. parapsilosis were able to utilize sIgA as a nitrogen source. Whether this process fosters the colonization of mucosa by yeast cells needs to be investigated.
C. parapsilosis is conspicuously involved in the pathogenesis of endocarditis (28) . The fibrinaceous vegetations that surround cells of this yeast on infected heart valves (20) suggest that the yeast generates a procoagulant substance. Preliminary results with proteinase 265 indicate that this enzyme is able to convert prothrombin and factor X (unpublished data), as has been found previously with C. albicans and C. tropicalis (30) .
Isolates of C. parapsilosis were less cytotoxic versus monocytelike cells (U 937) than were any of the tested isolates of C. albicans and C. tropicalis (4). C. parapsilosis also had a low toxicity for murine pentoneal macrophages. The virulence of strain 265 in NWNI mice was minimal, which is in agreement with the results of Bistoni et al. (2). The lack of virulence may be related to the fact that C. parapsilosis 265 did not produce acid proteinase under conditions of infection in vitro. On infection of cell cultures with C. albicans (and C. tropicalis), secretory fungal proteinase was clearly demonstrable. In mice, anti-proteinase antibody was readily detectable after infection with C. albicans and C. tropicalis. No specific titer, however, could be detected after infection with C. parapsilosis 265, although purified proteinase 265 was an effective antigen in mice of the same breed (unpublished data). These results suggest that C. parapsilosis is unable to produce secretory acid proteinase on infection in vivo. This deficiency may be the reason for the comparatively low virulence of this proteolytic yeast.
